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LEAD HAVING VARYING STIFFNESS AND METHOD OF 
MANUFACTURING THEREOF 


Technical Field 

The present invention relates generally to leads for conducting electrical 
signals to and from the heart. More particularly, it pertains to a lead having 
10 varying stiffness. 

Background 

Leads implanted in or about the heart have been used to reverse certain life 
threatening arrhythmias, or to stimulate contraction of the heart. Electrical energy 

15 is applied to the heart via the leads to return the heart to normal rhythm. Leads 
have also been used to sense in the atrium or ventricle of the heart and to deliver 
pacing pulses to the atrium or ventricle. Technically, the pacemaker or the 
automatic implantable cardioverter defibrillator receives signals from the lead and 
interprets them. The same lead used to sense the condition is sometimes also used 

20 in the process of delivering a corrective pulse or signal from the pulse generator of 
the pacemaker. 

Cardiac pacing may be performed by the transvenous method or by leads 
implanted directly onto the ventricular epicardium. Most commonly, permanent 
transvenous pacing is performed using a lead positioned within one or more 
25 chambers of the heart. The lead may also be positioned in both chambers, 

depending on the lead, as when a lead passes through the atrium to the ventricle. 
Electrodes of the lead may be positioned within the atrium or the ventricle of the 
heart. For other applications, the lead may be positioned in cardiac veins. 

Positioning an electrode disposed on a distal end of a lead within a vein 
30 presents additional challenges in maintaining the lead in a fixed position since the 
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distal end of the lead does not abut a surface. These challenges also may result in 
poor pacing and sensing capabilities of the electrode. 

Therefore, there is a need for a lead having an electrode for positioning 
within passages such as cardiac veins, that allows for fixation therein. In addition, 
5 what is needed is a lead which can be sufficiently positioned within a patient. 


Summary 

An apparatus includes a lead body which extends from a proximal end to a 

10 distal end and has an intermediate portion therebetween. In addition, the lead body 
includes two or more individually insulated conductors. At least one of the 
conductors is a first conductor which traverses along less than an entire length of 
the lead body. A second conductor traverses from the proximal end to the distal 
end of the lead body. For instance, the lead body has four conductors disposed at 

15 the proximal end of the lead body, and two conductors disposed at the distal end of 
the lead body. The apparatus further includes an electrode assembly including at 
least one electrode electrically coupled with at least one of the conductors. 

Optionally, the first conductor extends from the distal end of the lead body 
to the intermediate portion of the lead body. In one embodiment, the first 

20 conductor is comprised of a first material, and the second conductor is comprised 
of a second material, where the first material has a different stiffness and/or 
electrical property than the second material. Optionally, the first material or the 
second material comprises conductive polymer material or is formed of material 
having heat setting capabilities. 

25 In another embodiment, the lead body includes a first section near the distal 

end, a third section near the proximal end, and a second section disposed between 
the first and the third sections. The location of the conductors is varied by 
embodiment. For instance, the first conductor is disposed only in the first and 
second sections. In another option, the first conductor is disposed only in the first 
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and third sections. In yet another option, the first conductor is disposed only in the 
second and third sections. For each of these options, a variation includes having 
the first conductor comprised of material of a greater stiffiiess than the second 
conductor. In another embodiment, the electrode is disposed between the second 
5 and the third sections. 

An apparatus includes a lead body which extends fi-om a proximal end to a 
distal end and has an intermediate portion therebetween. In addition, the lead body 
includes two or more individually insulated conductors. At least one of the 
conductors is a first conductor which is formed of a first material. A second 

10 conductor is formed of a second material, which has a different stiffiiess and/or 
electrical property than the first material. For instance, the first material comprises 
MP35N and the second material comprises Pt/Ta. 

The apparatus fiirther includes an electrode assembly including at least one 
electrode electrically coupled with at least one of the conductors. In one 

1 5 embodiment, one of the conductors electrically and mechanically terminates at the 
electrode assembly. Optionally, the first conductor traverses along less than an 
entire length of the lead body and the second conductor traverses fi-om the 
proximal end to the distal end of the lead body. 

Further options which can be combined with that above are described 

20 below. For instance, one or more conductors includes two or more filars. In 
another option, the lead body includes a first section near the distal end, a third 
section near the proximal end, and a second section disposed between the first and 
the third sections, where the first conductor is disposed in different sections 
depending on the embodiment. For example, the first conductor is disposed only 

25 in the second and third sections, or four conductors are disposed at the proximal 
end of the lead body, and two conductors are disposed at the distal end of the lead 
body. 

A method includes varying the stiffiiess of a coiled conductor assembly 
including winding a plurality of conductors to form the coiled conductor assembly, 
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ana puUing a. .eas. one >oop of a firs. conduCo, away fto. *c co.ied con uCor 
:l,y .„ addWon, .he me*od op.io„a,,y inCud. crisping .he a. >eas. o e 
TplL e,ec.ri.a.y coupling *e fi.. conduo.0. .0 an elec^d. 
Jfi..conduc.or.e,ec«ca.,y.e™ina.eaa..hee>eo«odeAdd,.,o„aUp.ona, 

5 s.epsindudesspi™ingamandre,andfonningU.ecoi,edconduc.orassen,b.y 
ri,a„dpuUins.he.oopinc.„des.oppU,g.hen,and«,. One o, n,o.e seeon 
: p. faseLdc„nduc.o,a,ea,s„p.«ed,whe..pumngoneo.n,o.se^^^^^ 

,oops of a second conduCor involves puUing a second conducor havng a d,ffe,en, 

ma.erial than flie firs, conductor. 

A mChod includes modifying a stiffcess of a lead ex.end.ng from a 

Modifying .he sUffhess includes forming insulation on me mo or more 
!l!.ol,winding.he«.oormoreconduc.orsanddr„Ppingou.o„eormo. 

elucors a. an in.ermedia.e poriion of .he lead. Oplionally. wind,ng .he .wo or 
:rconduc.orsincludeswindins.woormoreconduc.orseachhav,ngad.ffercn. 

malerial. An additional optional s.ep includes pulling a loop of a. leas, one 
conduc.orduringfl.ewinding. The me*od far«,er includes, in anote 
::dimen..cnU-swag.ng.heloopofconduc.r.C...on.^^^^ 
«her includes electrically coupling .he eonduCor w,ti, an eleCode o .he cad. 

The lead assembly provides several benetits including a lead whrch has 
varymg stiffness tooughou. tite lead. Furtitermore, the conductors and/or por.,ons 
readformedofma.erialshavingincreasedsti,S.esswi,lass,s..nreta.n,n 

lrpositioningti,eleadassemblyinades,redlocationof,hehea«orve.nor^^ 

Iter, The lead assembly is also beneficial in applications where .he electrod^ 
:;;sedinalargerveinorar.erywhereitisothe,wisedi.ficuUtopos.t.onand/or 

maintain an decide agains. .he wall of tite surrounding tissue. 

These and otirer embodimenis. aspeCs, advan^ges, and features of the 

present invention will be set forth in part in the description which follows and m 
present mve ^^^^^^^ f^„„„,„g 

part will become apparent to .hose sKilieo m i 
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descripUon ot .he mvention and referenced drawings or by pracUce of* 
: on.Ueaspec,s,advan.a.es,andfea.u,esofU,e.— 
anainedbymeansofme— n*ies,proeed„res.andco« m uons 

particularly pointed ou. in the appended claims and .hei, e<,u,valen.s. 
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Figure 1 


g^jg£j^escriptioiui f . t hf D rawing s 

is a cross-section view illustrating a lead assembly 
constructed in accordance with one embodiment. 
Pigure 2A is a cross-section view illustrating a conductor constructed 

in accordance with one embodiment. 
Pigure 2B is a cross-section view illustrating a conductor constructed 
in accordance with one embodiment, 
is a cross-section view illustrating a lead assembly 
constructed in accordance with one embodiment, 
is a cross-section view illustrating a lead assembly 
constructed in accordance with one embodiment, 
is a cross-section view illustrating a lead assembly 
constructed in accordance with one embodiment, 
is a cross-section view illustrating a lead assembly 
constructed in accordance with one embodiment, 
is an elevational view illustrating a lead assembly 
constructed in accordance with one embodiment, 
is an elevational view illustrating a lead assembly 
constructed in accordance with one embodiment. 
Fi.ure9 is a perspective view illustrating a portion of a conductor 
assembly constructed m accordance with one embodiment, 
is an elevational view illustrating a portion of a conductor 
assembly constructed in accordance with one embodiment. 


Figure 3 
Figure 4 
Figure 5 
20 Figure 6 

Figure 7 
Figure 8 


Figure 10 
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Figure 11 is an elevational view illustrating a portion of a conductor 

assembly constructed in accordance with one embodiment. 
Figure 12 is an elevational view illustrating a portion of a conductor 

assembly constructed in accordance with one embodiment. 
5 Figure 13 is an elevational view illustrating a portion of a conductor 

assembly constructed in accordance with one embodiment. 
Figure 14 is a cross-section view illustrating a portion of a lead 

assembly constructed in accordance with one embodiment. 
Figure 15 is a cross-section view illustrating a lead assembly 
10 constructed in accordance with one embodiment. 

Figure 16 is a cross-section view illustrating a lead assembly 

constructed in accordance with one embodiment. 


15 Detailed Description 

In the following detailed description, reference is made to the 
accompanying drawings which form a part hereof, and in which is shown by way 
of illustration specific embodiments in which the invention may be practiced. 
These embodiments are described in sufficient detail to enable those skilled in the 

20 art to practice the invention, and it is to be understood that other embodiments 
may be utilized and that structural changes may be made without departing from 
the scope of the present invention. Therefore, the following detailed description 
is not to be taken in a limiting sense, and the scope of the present invention is 
defined by the appended claims and their equivalents. 

25 Figure 1 illustrates a lead 100 for delivering electrical pulses to stimulate a 

heart and/or for receiving electrical pulses to monitor the heart. The lead 100 
includes a lead body 115 which is covered by a biocompatible insulating material. 
Silicone rubber or other insulating material is used for covering the lead body 
115. The lead 100 has a distal end 102 adapted for implant within a body, for 
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instance within a vein, and a proximal end 104. The proximal end 104 has a 
connector terminal 105 which electrically connects the various electrodes and 
conductors within the lead 100 to a pulse generator and signal sensor. The 
terminal connector 105 provides for the electrical connection between the lead 
5 100 and the pulse generator. The pulse generator contains electronics to sense 
various electrical signals of the heart and also to produce current pulses for 
delivery to the heart. 

Disposed between the distal end 102 and the proximal end 104 of the lead 
100 is an intermediate portion, as will be further described below. The lead 100 
10 includes at least one electrode 120 disposed between the distal end 102 and the 
proximal end 104. At least one conductor 130 (Figure 2) is electrically coupled 
^'1 with the at least one electrode 120. The at least one conductor 130 comprises a 

^ coiled conductor 130 which includes one or more filars 132. Figure 2A illustrates 

W 

Q the at least one conductor 130 with one filar 132. In one embodiment, as shown 

j 15 in Figure 2B, the at least one conductor 130 has three filars 134. Other options 

t3 include a conductor which is a solid wire, or a conductor which has braided 

strands of wire or filars. The at least one conductor 130 includes insulation 136 

■sir 

% thereover. Suitable materials for insulation include, but are not limited to, ETFE, 

1==^ sihcone, polyurethane, or other insulating material. Optionally, the lead 100 

A 20 includes two or more conductors 130. It should be noted, however, that each 

conductor 130 need not be electrically coupled with the at least one electrode 120. 

Referring again to Figure 1, the lead 100 is defined in part by a first 
intermediate portion 108 and a second intermediate portion 110. The first 
intermediate portion 108 is more near the proximal end 104 of the lead 100 than 
25 the second intermediate portion 1 10, such that the lead 100 is defined by multiple 
sections. A first section 180 is disposed between the proximal end 104 and the 
first intermediate portion 108, a second section 182 is disposed between the first 
intermediate portion 108 and the second intermediate portion 1 10. A third section 


7 


Attorney Docket No. 279.246US1 

184 of the lead 100 is disposed between the second intermediate portion 110 and 
the distal end 102, 

A first conductor 140 and a second conductor 142 extend fi'om the 
proximal end 104 to the distal end 102 of the lead 100. A third conductor 144 and 
5 a fourth conductor 146 extend from the proximal end 104 to the second 

intermediate portion 110. As a result, the first and second conductors 140, 142 
are disposed in the first, second, and third sections 180, 182, 184 of the lead 100. 
The third and fourth conductors 144, 146 are disposed in the first and second 
sections, 180, 182. Optionally, an electrode 120 is disposed between the first and 
10 second sections 180, 182, and/or the electrode 120 is disposed between the second 
and third sections 182, 184. One or more of the first, second, third, or fourth 
conductors 140, 142, 144, 146 optionally electrically terminate at the electrode 
120. 

Figure 3 illustrates an altemative for the lead 100, where the first 
15 conductor 140 and the second conductor 142 extend fi*om the proximal end 104 to 
the distal end 102 of the lead 100. The third conductor 144 extends fi-om a second 
intermediate portion 1 10 to the distal end 102 of the lead 100. Optionally, the 
third conductor 144 extends fi'om the proximal end 104 to a first intermediate 
portion 108, terminating at the first intermediate portion 108. In another 
20 altemative, a fourth conductor 146 extends fi:*om the second intermediate portion 
1 10 to the distal end 102 of the lead 100, and extends fi*om the proximal end 104 
to the first intermediate portion 108. As a result, the first and second conductors 
are disposed in the first, second, and third sections 180, 182, 184 of the lead 100. 
The third and fourth conductors 144, 146 are disposed in the first and third 
25 sections, 180, 184. Optionally, a first electrode 150 is disposed between the first 
and second sections 180, 182 where third and fourth conductors 144, 146 
mechanically and electrically terminate at the first electrode 150. In another 
option, a second electrode 152 is disposed between the second and third sections 
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182, 184, and the third and fourth conductors 144, 146 mechanically and 
electrically terminate at the second electrode 152. 

Figure 4 illustrates another alternative for the lead 100, where the first 
conductor 140 and the second conductor 142 extend fi'om the proximal end 104 to 
5 the distal end 102 of the lead 100. The third conductor 144 and the fourth 

conductor 146 extend fi-om the first intermediate portion 108 to the distal end 102 
of the lead 100. As a result, the first and second conductors are disposed in the 
first, second, and third sections 180, 182, 184 of the lead 100. The third and 
fourth conductors 144, 146 are disposed in the second and third sections, 182, 

10 184. Optionally, the first electrode 150 is disposed between the first and second 
sections 180, 182 where third and fourth conductors mechanically terminate at the 
first electrode 1 50. In another option, a second electrode 1 52 is disposed between 
the second and third sections 182, 184, where the third and fourth conductors 144, 
146 optionally electrically terminate at the second electrode. 

15 Referring to Figure 5, another alternative of the lead 100 is shovm which 

is defined in part by a first section 190 and a second section 192. The first section 
190 is more near the proximal end 104 of the lead 100 than the second section 
192 such that the lead 100 is defined by multiple sections. Optionally, the lead 
100 includes a first electrode 194 and/or a second electrode 196, where the first 

20 electrode 194 is disposed between the first section 190 and the second section 
192, and the second electrode 196 is disposed in the second section 192. 

A first conductor 140 and a second conductor 142 extend fi-om the 
proximal end 104 to the distal end 102 of the lead 100. A third conductor 144 and 
a fourth conductor 146 extend along the first section 190. The third conductor 

25 144 and the fourth conductor 146 electrically and mechanically terminate at the 
optional first electrode 194. As a result, the first and second conductors 140, 142 
are disposed in the first and second sections 190, 192 of the lead 100. The third 
and fourth conductors 144, 146 are disposed in the first section 190 of the lead 
100. 
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Figure 6 illustrates another alternative of the lead 100. A first conductor 
140 and a second conductor 142 extend from the proximal end 104 to the distal 
end 102 of the lead 100. A third conductor 144 and a fourth conductor 146 
extend along only the second section 192. The third conductor 144 and the fourth 

5 conductor 146 electrically and mechanically terminate at the optional first 

electrode 194. As a result, the first and second conductors 140, 142 are disposed 
in the first and second sections 190, 192 of the lead 100. The third and fourth 
conductors 144, 146 are disposed only in the first section 190 of the lead 100. 
Figures 15 and 16 illustrate other options for a lead 20. Similar to that 

10 above, the lead 20 extends firom a proximal end 22 to a distal end 24. The lead 20 
includes four sections 32, 34, 36, 38, where the fourth section 38 is adjacent to the 
distal end 24. Optionally disposed between the sections is one or more 
electrodes. For instance, a first electrode 80 is disposed between the first section 
32 and the second section 34, a second electrode 82 is disposed between the 

15 second section 34 and the third section 36, and a third electrode 84 is disposed 
between the third section 36 and the fourth section 38. It is possible to have more 
electrodes or fewer electrodes than the first, second, and third electrodes 80, 82, 
84. 

Referring to Figure 15, a first conductor 40 extends fi'om the proximal end 
20 22 to the distal end 24 of the lead 20. A second conductor 42 extends fi-om the 
proximal end 22 to the third electrode 84. A third conductor 44 extends from the 
proximal end 22 to the second electrode 82. A fourth conductor 46 extends from 
the proximal end 22 to the first electrode 80. Optionally, instead of any of the 
above mentioned electrodes, the conductors merely terminate at a location of the 
25 electrode, and the electrode is not included. 

Referring to Figure 16, the first and second conductors 40, 42 extend fi-om 
the proximal end 22 to the distal end 24 of the lead 20. The third conductor 44 
extends from the proximal end 22 to the third electrode 84. The fourth conductor 
46 extends from the proximal end 22 to the second electrode 82. Optionally, 
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instead of any of the above mentioned electrodes, the conductors merely 
terminate at a location of the electrode, and the electrode is not included. 

The conductors are formed, in one example, by winding. The materials 
used for each conductor are optionally varied, such that the stiffiiess of the 
5 material and the conductor are varied. For instance, of the above discussed lead 
100, the first conductor 140 and the second conductor 142 are formed of a first 
material and the third conductor 144 and the fourth conductor 146 are formed of a 
second material. Optionally, the first material has a different stiffiiess than the 
second material. Examples of materials which are used to form any of the 

10 conductors include, but are not limited to, MP35N, Pt/Ir composites, which are 
relatively stiff materials. Less stiff materials include a composite of MP35N with 
a Ta core or a composite of MP35N with a Ag core. Relatively lesser stiff 
materials are also used including, but not Hmited to, Pt clad Ta, Ft clad Ti, or Ti. 
In another alternative, a conductive polymer is used to form the conductor. 

15 In another option, materials having different electrical properties are used 

to form the conductors. For instance, at least one conductor is formed of a 
material having a first electrical property, and at least another conductor is formed 
of a material having a second electrical property. Having conductors formed of 
two different materials of differing electrical properties results in electrodes of the 

20 lead 100 to exhibit different electrical properties, for example, impedance. In yet 
another option, a material having heat setting properties is used to form one or 
more of the conductors of the lead 100 such that desired shapes for fixation and 
electrode contact can be achieved. It should be noted that any of the above 
discussed materials can be used in any of the above and below discussed 

25 embodiments. Other materials which will affect the properties of the lead 100 can 
also be used. 

As an example of using different materials, the lead includes two 
conductors which extend the entire length of the lead, and are formed of Pt/Ta. 
Two other conductors extend less than the entire length of the lead and are formed 
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of MP35N, which is more stiff than the Pt/Ta. The less stiff material which 
extends to the distal end 102 of the lead 100 allows for suitable flexibility for 
chronic placement of the lead 100 within a vein of a patient. In addition, the 
material also provides a gentle bias in the area of the electrode such that sufficient 

5 force is provided for tissue contact by the electrode. For instance, as shown in 
Figures 7 and 8, the lead 100 and the coiled conductors therein is formed into a 
shape having a two 178 or three 179 dimensional bias. The lead 100 having a 
bias allows for tissue contact between an electrode 181 and a wall of a vein 177. 
It should be noted that the lead 100 is not limited to having four conductors and 

1 0 the number of conductors and the materials used for each can be modified. 

As discussed above, the lead 100 includes a first conductor and a second 
conductor, which, in one embodiment, are formed of two different materials. 
Figure 9 illustrates one example of a winding configuration for a portion of a 
conductor assembly 200 for use in the lead 100 which includes a first conductor 

15 240 and a second conductor 242 each formed of a different material. Optionally, 
a third 244 and a fourth 246 conductor are included. For instance, the first 
conductor 240 and the third conductor 244 are formed of MP35N and the second 
242 and the fourth 246 conductor are formed of Pt/Ta. The first conductor 240, 
second conductor 242, third conductor 244, and fourth conductor 246 are each 

20 wound together, and transition to the second conductor 242 and the fourth 

conductor 246, as shown in Figure 9, and as further described below. It should 
be noted that the conductor assembly 200 can be used in any of the above or 
below described embodiments, and that other winding configurations are 
possible. 

25 Figure 10 illustrates another example of how to form the conductor 

assembly 200. The conductor assembly 200 is wound, for example, using a 
mandrel. The conductor assembly 200 is wound with four conductors, including 
the first conductor 240, second conductor 242, third conductor 244, and fourth 
conductor 246, which are each wound from a proximal end 204 to a distal end 
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202 of the conductor assembly 200. In one embodiment, two or more different 
materials are used for forming the conductor assembly 200. In another 
embodiment, one or more of the first conductor 240, second conductor 242, third 
conductor 244, and fourth conductor 246 are electrically terminated at various 
5 locations 250 along the conductor assembly 200. Optionally, during the winding 
of the coil assembly 200, one or more of the first conductor 240, second 
conductor 242, third conductor 244, and fourth conductor 246 is dropped out of 
the winding, for instance, at a location of an electrode. 

Figure 1 1 illustrates another example of how to form the conductor 

10 assembly 200. The conductor assembly 200 is wound, for example, using a 

mandrel. The conductor assembly 200 is wound with four individually insulated 
conductors, including the first conductor 240, second conductor 242, third 
conductor 244, and fourth conductor 246. In one embodiment, two or more 
different conductor materials are used for forming the conductor assembly 200. 

15 During the winding process, one or more of the first conductor 240, second 

conductor 242, third conductor 244, and fourth conductor 246 are pulled out of 
the winding. For example, at a first location 230, the first conductor 240 is pulled 
fi-om the coil 201, and yet the first conductor 240 continues being wound past the 
first location 230. The first conductor 240 is pulled fi^om the coil 201 at a second 

20 location 232, and the first conductor 240 continues being wound past the second 
location 232. At a third location 234, the second conductor 242 is pulled from the 
coil 201 and the second conductor 242 continues being wound past the third 
location 234. Rather than terminating the filars, the conductors are reintroduced 
into the winding, either to another location of the coil assembly 200, such as at an 

25 electrode, or to the distal end of the coil assembly. 

Optionally, one or more of the first conductor 240, second conductor 242, 
third conductor 244, and fourth conductor 246 are electrically terminated at 
various locations 250 along the conductor assembly. Advantageously, pulling the 
loop allows for the conductor to be electrically coupled with the electrode, but yet 
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optionally allows the electrical connection to be thereafter terminated as the 
conductor extends to the distal end of the lead 100. Another benefit provided is 
that a single conductor can be coupled with more than one electrode, providing 
more options for the lead designer and the physician. 
5 Figure 12 illustrates another example of how to form the conductor 

assembly 200. The conductor assembly 200 is wound, for example, using a 
mandrel. The conductor assembly 200 is wound with, for example, four 
conductors, including the first conductor 240, second conductor 242, third 
conductor 244, and fourth conductor 246 to form the coil 201. It should be noted 

10 that in this and the above and below discussed embodiments, the number of 

conductors can be changed, yet are considered within the scope of the application. 
In one embodiment, two or more different materials are used for forming the 
conductor assembly 200. 

During the winding process, two or more of the first conductor 240, 

15 second conductor 242, third conductor 244, and fourth conductor 246 are pulled 
out of the winding. The mandrel is optionally stopped while the conductors are 
pulled out of the winding, and then restarted to continue the winding process. For 
example, at a first location 230, the first conductor 240 and the second conductor 
242 are each pulled from the coil 201, and yet the first conductor 240 and/or the 

20 second conductor 242 continues being wound past the first location 230. The 
second conductor 242 is pulled at the same location as the first conductor 240, 
such that the second conductor 242 is adjacent to the first conductor 240. The 
first conductor 240 and the second conductor 242 are pulled from the coil 201 at a 
second location 232, and the first conductor 240 and/or the second conductor 242 

25 continues being wound past the second location 232. 

At a third location 234, the third conductor 244 and the fourth conductor 
246 are pulled fi"om the coil 201 and the third conductor 244 and/or the fourth 
conductor 246 continues being wound past the third location 234. Rather than 
mechanically terminating the filars, the conductors are reintroduced into the 
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winding, either to another location of the coil assembly 200, such as at an 
electrode, or to the distal end of the coil assembly. Optionally, one or more of the 
first conductor 240, second conductor 242, third conductor 244, and fourth 
conductor 246 are electrically terminated at various locations 250 along the 
5 conductor assembly. 

Figure 13 illustrates another example of how to form the conductor 
assembly 200. The conductor assembly 200 is wound, for example, using a 
mandrel. The conductor assembly 200 is wound with, for example, four 
conductors, including the first conductor 240, second conductor 242, third 
10 conductor 244, and fourth conductor 246 to form the coil 201 . In one 

embodiment, two or more different materials are used for forming the conductor 
assembly 200. 

During the winding process, one or more of the first conductor 240, 
second conductor 242, third conductor 244, and fourth conductor 246 are pulled 

15 out of the winding at one or more locations, and two or more of the first 

conductor 240, second conductor 242, third conductor 244, and fourth conductor 
246 are pulled out of the winding at one or more locations. To pull the 
conductors, the mandrel is optionally stopped while the conductors are pulled out 
of the winding, and then restarted to continue the winding process. 

20 At a first location 230, for example, the first conductor 240 is pulled fi:'om 

the coil 201, and yet the first conductor 240 continues being wound past the first 
location 230. At a second location 232, the second conductor 242 is pulled fi"om 
the coil 201, and yet the second conductor 242 continues being wound past the 
second location 232. At a third location 234, the third conductor 244 and the 

25 fourth conductor 246 are pulled fi'om the coil 201 and the third conductor 244 
and/or the fourth conductor 246 continues being wound past the third location 
234. The first conductor 240 and the second conductor 242 are pulled from the 
coil 201 at a fourth location 236, and the first conductor 240 and/or the second 
conductor 242 continues being wound past the fourth location 236. The second 
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conductor 242 is pulled at the same location as the first conductor 240, such that 
the second conductor 242 is adjacent to the first conductor 240. 

For any of the conductors, rather than mechanically terminating the filars, 
the conductors are optionally reintroduced into the winding, either to another 
5 location of the coil assembly 200, such as at an electrode, or to the distal end of 
the coil assembly. Optionally, one or more of the first conductor 240, second 
conductor 242, third conductor 244, and fourth conductor 246 are electrically 
terminated at various locations along the conductor assembly. 

Figure 14 illustrates a lead 300 with a conductor assembly 320. The 

10 conductor assembly 320 includes, but is not limited to, those which are formed 
with the above methods, or above discussed structures. The conductor assembly 
320 includes one or more conductors 310. One or more of the conductors 310 is 
electrically coupled with at least one electrode 350. Optionally, one or more of 
the conductors is mechanically and/or electrically terminated at an intermediate 

15 portion 303 of the lead 300. For example, a conductor is pulled during the 

winding process. The conductor is then crimped, swaged, welded or otherwise 
mechanically and electrically coupled with the electrode 350. It should be noted 
that other methods, or combinations of methods, of mechanically and/or 
electrically coupling the conductor with the electrode 350 would be suitable as 

20 well. 

The above-described lead assembly provides several benefits including a 
lead which has varying stiffhess throughout the lead. Furthermore, the conductors 
and/or portions of the lead formed of materials having increased stiffiiess will 
assist in retaining and/or positioning the lead assembly in a desired location of the 
25 heart or vein or artery. The lead assembly is also beneficial in applications where 
the electrode is disposed in a larger vein or artery where it is otherwise difficult to 
position and/or maintain an electrode against the wall of the surrounding tissue. 

It is to be understood that the above description is intended to be 
illustrative, and not restrictive. Although the use of the lead has been described 
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for use in a cardiac pacing system, the lead could be applied to other types of 
body stimulating systems or the embodiments could be used in the application of 
other medical devices. Furthermore, it should be noted that the above described 
embodiments include windings which are right hand wound, and windings which 
5 are left hand wound. Many other embodiments and applications will be apparent 
to those of skill in the art upon reviewing the above description. It should be 
noted that embodiments discussed in different portions of the description or 
referred to in different drawings can be combined to form additional embodiments 
of the present invention. The scope of the invention should, therefore, be 
10 determined with reference to the appended claims, along with the full scope of 
equivalents to which such claims are entitled. 
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